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(54) TiUe: MOLECULAR SIZE MARKERS FOR SPECIES IDENTIFICATION OF MYCOBACTERIAE 

(57) Abstract: This invention consists of DNA molecular size markers which are used to determine in a correct and easy way the 
size of DNA fragments in the evaluation step of the sizes of DNA restriction fragments separated by electrophoresis, of the hsp65 
PCR-REA method used for species identification of mycobacteriae. 
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Molecular Size Markers for Species Identification of 

Mycobacteriae 

S Bacbgroimd of tihe invration: 

Various Doycobacterial species like Afycobacteriwn tuberculosis cause infections in humans. 
Antibacterial agents that are effective in the treatment of infections caused by differait 
mycobacteriai species toay vary gready. For fliis reason, identification of nQrcobact^ae 

10 recovered from clinical specimens is of prime importance. As most of the nxycobacteriae 
necessitate substantially longer times (3 to 8 weeks) to be grown in cultures, cultur&-based 
conventional identificadon methods like pigmmt formation, colony morphology and 
biochemical tests have Ihe disadvantages of being slow and ambiguous. Recently, molecular 
ideaitification techniques yielding unambiguous results witfain a few days has be^ 

IS devdoped. One of these techniques, the so-called hsp65 PRA (Polymerase chain reaction- 
r^triction enzyme analysis) has ever gaining widespread use due to its rapidity, ease and 
lower cost. Ihis method is based on flie amplification of a 441bp-long fragment of the gene 
encoding the 65-kDA heat shock prot^ digestion of the PCR products by the restriction 
enzymes BstEII and HaeDD, and separation of the cleaved pix>ducts by agarose or better by 

20 polyaciylamide gd electrophoresis. The sizes of each of the firagments are calculated by 
comparing tfiem v^th the bands of a molecular size marker and finally comparing Ihe 
resulting restriction enzyme pattern with that of knovm mycobacterial strains given m tfie 
algorithm. 

The lack of an appropriate molecular size marker with bands exactly the same size as fte 
25 restriction fi:agmenls encountered in h5p6S PCR-REA of mycobacteriae is one of ihe major 
shortcomings of fliis technique for, tbe lack of sudi a size maris:^ renders visual 
interpretation of the restriction firagments' sizes impossible and ntiandates manual or 
software-assisted calculations. The subject of ftis invention is to resolve iBais problem by 
creating new molecular size mark^ containing firagments exacfly the same size as the 
30 BstEII and HaeDI digested firagments that could have been obtained in hsp65 PCR-REA of 
mycobacteriae and in this way to enable the correct interpretation of tiie sizes of restriction 
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fragments separated by eLeclrophoresis by naked eye. These products that are related to the 
field of molecular microbiolos^ are not directed to diagnose a disease. 
Neariy two billion people is estimated to be infected vAUiMycobacterium tuberculosis which 
is ttie most inq[)ortant infectious spedes wilhin the Mycobacterium genus. Each year about 

S t&x million people is contracting tiie disease and three million die of tuberculosis. Early 
detection of tuberculosis cases, their proper treatmait, and breaking the transmission diain 
are of paramount importance for efifective tuberculosis control. Proper treatment of cases can 
be achieved by the contribution of rapid, unambigious identification of nQrcobacteriae up to 
species level and by determining die susceptibility patterns of the strains. 

10 D^ite the fact that Mycobacterium tuberculosis makes up the great m^ority of 
tnycobacterial infections, there are several other mycobacterial species causing human 
infections. These bacteriae called "apical" or ^^nontuberculous" mycobacteriae show great 
diversity in tiieir ability to cause disease^ they may be 

• always pathogenic species Qyfycobacterium leprae) 

IS • potentially patiiogenic spedes (Ad^obacterium avium etc.) 

• not pathogenic ones Qi/fycobacterium gordonae etc.) 

Even the nonpathogmic spedes mas^ be of clinical importance for, tfa^ are capable of living 
firedy in tiie enviroiunent induding tap water and thus m^ contaminate cultures \diich are 
used to diagnose the disease. 

20 

Id^itification of mycobacteriae to die spedes level is important for patient managaxient, as 
the results obtained influence the decision to treat or not to treat the patient the dioice of 
proper treatmmt and the eventual need for patient isolation. 

Classical identification methods based on culture and biochemicai tests may take weeks to 
25 months after reception of spedmms and the tests sometimes fail to produce a precise 
identification. Genotypic methods fi>r the identification of mycobacteriae has been 
developed in recent years. These molecular methods are of increasing importance because 
they yield rapid and, mostfy, unequivocal results. 

Molecular tedmiques based on probe hybridization or on amplification of specific genomic 
30 re^on provide insults limited to a single spedes p^ €q)erimait Limited number of 
commerdally available probes tiiat are used in probe hybridization technique restricts tiie 
differentiating power of this technique with only a few species, the remaining -approx. 90- 
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mycobacterial spedes cannot be identified and additionally, each extra probe used to 
identify the isolate adds an extra cost 

In contrast to the above-mraitioned techniques needing specialized equipment, PGR- 
restriction fragment length pofymoiphism analysis (PRA) of the hsp65 gene present in all 
5 mycobacteriae offers an ea^, rapid and inexpensive procedure to idratify most of the 
mycobactedal spedes in a single e^eriinent Although hsp65 geae is pr^ent in all 
noQ^cobacteriae, Ifae nucleic acid sequence of hsp65 in eadi species varies &om liie others. 
Ihese variances are made discernible by restriction enzymes that recognize specific DNA 
sequaoLces and cutthe DNA atlfaese sites. 
10 In PRA, a 441 base pair (bp) portion ''Telenti fragjmnt'* of h5p6S gene is amplified, the 
amplified products will th^ be separated into two microcentrifuge tubes and digested by &e 
restriction mzymes BstEII and HaelU. The digested DNA fi^gments and a molecular size 
marker are loaded onto a gel, run in electrophoresis buffer and thus are separated fi-om each 
other. 

IS The sizes of each of the digested fi-agments are det^mined by comparing tiiem wifli the 
bands of the molecular size mark^ whose band sizes are known. In order to adueve more 
accurate size calculations, ftus comparison are carried out by using sophisticated computer 
programs. 

The molecular size markers v^ch are &e subject of tiiis invention contain fragments 
20 exacfly the same size as the restriction firagments of mycobact^ae. These molecular size 
markers specific to PRA of mycobacteriae alleviates the accurate size determination of tested 
mycobacterial strains' restriction fi-agments without the need fi>r sophisticated computer 
programs* 

25 Previous^ available products (molecular siace mark^) 

Electrophoresis is a molecular biological technique that is widely used in determining the 
lazes of macromolecules. In this technique, eiectricalfy diarged molecules are run within a 
cell-forming gel by the ^plication of electrical voltage. IXiring their run through the pores 
30 of the gel, molecules are propelling with dififermt velocities depending to ftie resistance tiiey 
are facing. For DNA molecules, 4iis velocity is inversely proportional to fte logarithm of 
ihmx sizes. The determination of DNA fi^^gments' sizes separated by electrophoresis is 
achieved by using molecular size maik^ that are run in adjacent lanes of the same gel as 
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Ifae DNA fr^gmeats of concern and A;viiose fragment sizes are known. For Ifae precise 
determination of DNA fragments in question, molecular size markers should ideaOy contain 
fragments exactly tiie same size as the tested DNA fragments or at least fragments similar to 
ftie sizes of die DNA in concern. This is Ifae reason v^y commercially available molecular 
5 size markers are frir from being usefii^ they do not contain fragments exacdy die same size 
as die tested DNA fragmaits wfaidi renders inq)ossible the easy visual interpretation of 
digested mycobacterial DNA fr^^ents and separated by electrophoresis; sophisticated 
software packages are needed to obtain ^eariy correct^ fragmoat sizes. 
It is common practice to obtain molecular size markers by digestion of bacteriophages 

10 having short DNA sequences with restriction eozymes. The most frequendy used molecular 
size marker m published hsp65 PRA studies, is Ibelll-digested OX174 bacterioph^e DNA 
whidi is easily reproducible in ExolL This marker contains eleven fragm^ts which are 
1352, 1078, 872, 603, 310, 281, 271, 234, 194,118, 72 base pairs long. Digesting the 441bp 
long fragmmt of the hsp65 gene eidier by BsiBn or Haein results in sev^ shorter 

IS fragm^ls which mosfly range between SO-200 base pairs and are close to each other in size. 
The size marker OX174/Haein has only three bands within this range (194, 1 18 and 72 bp). 
Additionally dxese three bands are not identical to mycobacterial fragments in size. In biiej^ 
the presence of a few non-identical fragments renders OX174/HaenE marker unsuitable for 
PRA. 

20 In comparison, another molecular size maiker, OX174/Hinf[, seems to be more appropriate 
for PRA; it has relatively more bands widiin the size range of 50-200bp. However, none of 
the bands of this marker (726, 713, 553, 500, 427, 417, 413, 311, 249, 200, 151, 140, 1 18, 
100, 82, 66, 48, 42, 40 ve 24 bp) is identical to mycobacterial restriction fragments. 
Atthougji the main determinant of the electrophoretic ability of a fragment is its size, die 

25 composition of the DNA (GC/AT content) also plays some role. GC/AT content of 
mycobacteriae is veiy different from die GC/AT content of bacteriophage This leads to 
anodier erratic calculation of the fragment size. 

The purpose of tiie invention: 

30 

The purpose of this invention is to obtain DNA molecular size markers that will be used in 
the correct and easy interpretation of the sizes of restriction fragments of 441 bp region of 
hsp65 gene amplified by PGR and digested by BstEII and Haein enzymes, by 
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eiectrophoretic analysis. For convenience Ihe two molecular size marker are called Marker-B 
and Marker-H. Maiker B contains 8 diflFerent size firs^mts of 441, 325, 231, 210, 13 1,116, 
94 and 79 bp (Figure 1). Marker-H contains contains 14 different size fragments of 185, 
161, 152, 139, 127, 103, 87, 69, 59, 58, 42, 40, 36 and 34bp (Figure 2), 

5 Infigurel Marker Bis shown together by restriction Segments obtained!^ 

amplification of hsp65 gene of several species of mycobacteriae and digestion by BstEII 
enzyme and separated by electrophoresis using 6% polyacrilamide geL 
In figure 2 Marker H is shown togeth^ by restriction fi:^gments obtained by PGR 
anq)lification of hsp65 gme of several species of mycobacteriae and digestion by HaeDI 

10 enzyme and separated by electrophoresis using 8% polyacrilamide geL 

DetaOed Description of flie Invention 

For obtaining two molecular size markers standards M. idmiae, M. smegmatis, M. 
15 gallinarum, M. intracdlulare, M terrae are used to prepare Marker B and M. simiae, M. 
gallinarum, M. chitae, M. xenopi are used to prepare Marker-H 

Isolation of DNA from mycobacteriae: 

A few mycobacterial colonies from frei^y grown cultures are suspended in TE buffer 
20 (lOmM Tris pH 8.0, ImM EDTA) in plastic microcentrifiige tubes. The suspension is 
centrifiiged at 12000g for 1 minute to sediment the bacteria and Ihe supematant is discarded. 
The bacteria are washed twice by rq>eating die same process. The final bacterial sediment is 
suspended in 250jil TE buflfer. The tubes are incubated in a boiling water bath for 20 minutes 
to lyse Ihe bacteria and release DNA Cell debris are sedimented by centrifiigation and the 
25 supematant which contains mycobacterial DNA is transferred to a clean tube. This DNA is 
used as template for anqiMcation of hsp65 gene by PCR. 

PCR amplifi cation of hsp65 gene: 

The template DNA obtained from mycobacteriae is mixed in ^propriate concentrations of 
30 Taq polymerase enzyme, deoigmucleotide triphosphates, enzyme reaction buffer and tiie 
primers TBll (5' ACC AAC GAT GGT GTGTCC AT 3') and TB12 (5' CTT GTC GAA 
CCG CAT ACC CT 3'). Reaction tubes are placed in afhermal cycler. Afl:er denaturation for 
5 minutes at 95*'C, 40 cydes consisting of 30 seconds at 94X, for denaturation, 45 seconds 
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at 54^C for primer annealing and 90 seconds at 72^C for polymerization is done. Ten 
minutes at 72^C is added to die md, to complete possible incomplete strands. 

PurjjBcation of DNA am ptificatin n products: 
S The 441 base pairs (bp) an^lified region of mycobacterial hsp6S gene regions are separated 
in 1% agarose gel by electrophoresis, stained by ediidium bromide and visualized by 
ultraviolet liglit The bands containing these DNA fi-agmaits are cut and agarose is 
solubilized in sodium iodide solution by heating. The released DNA are sedimented by 
binding to glass milk. After several wash steps DNA is solubilized in sterile ddonized water. 

10 

Mnlficailar rinning- 

PGR products are cloned into PGR products doning plasmid vector. For this purpose 
purilBed hsp65 gene region are mixed vAih the plasmid vector and ligated to each other by 
adding ligase ^oayme^ enzyme bufiEk* and ATP. Hie cloned plasmids are introduced into 
IS competent E. coli cells. Transformed bacteria are multiplied by culturing and stocks are 
stored at -85°G. 

Plasmid Isolation: 

Fresh cultures are prepared from bacterial stocks. Overnight cultures are used for plasmid 
20 isolation. Plasmids are purified by alkaline fysis method. For this purpose, bacteria are 
suspenden in gJucose-tris-EDTA buffer and lysed by NaOH-SDS solution. Gell walls, 
proteins and chromosomal DNA are sedimented by potassium acetate. SupCTiatant that 
contains plasmid DNA and RNAs is transferred into a clean tube. RNA is eliminated by the 
addition of KMAse. 

25 

Preparation of Molecula r -^i^^ tnarlcArR- 

The 441 bp gene region is amplified by PGR,, as described above, using hsp6S gene cloned 
plasmids as tenq)late. To prepare Marker-B PGR products obtained from plasmids 
containing hsp6S gene from M. simiae, M. smegmatis, M. gallinarum, M. intracellulare, M 
30 terrae are mixed with restiction enzyme BstEII, emyme buffer and incubated 24 hours at 
60^G. To prepare Mark^-H PGR products obtained from plasmids contaming hsp6S gene 
from M. tuberculosis, M. simiae, M. gallinarum, M. diitae, M xenopi are mixed with 
restiction enzyme HaeTff, enzyme buffer and incubated 24 hours at The products 
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obtained are mixed with gd loading buffer to make them ready to use in electrophoresis. 
Marker-B obtained this way contains 8 DNA fragments of sizes 441, 325, 231, 210, 131, 
116, 94 ve 79 bp (Figure 1) and Marker-H contains 14 DNA fragments of sizes 185, 161, 
152, 139, 127, 103, 87, 69, 59, 58, 42, 40, 36, 34 bp. 
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CLAIMS 

1- A DNA molecular size markCT ttiat contains DNA fragments which are 441, 325, 231, 
210, 131, 116, 94 and 79 base pairs long (Figure l-MarkerB). 

2- The production of molecular size marker in claim 1 is done by isolation of DNA from 
5 mycobacteriae, amplification of hsp65 gene by PCR, purification of DNA amplification 

products, molecular cloning, plasmid isolation and restriction OTzyme digestion. 

3- The species of niycobacteriae used for DNA isolation referred in claim 2 for production of 
the molecular size marker in claim 1, are the ones which produce the required size fragments 
indicated in claim 1. 

10 4- The species of mycobacteriae referred in claim 3 which are used for production of 
molecvdar weight marker referred in claim 1 areM simiae, M smegmatis, M gallinamm, M 
intracellulare, Mterrae. 

5- The primers used in amplification of hsp65 gene referred in claim 2 are TBll (5' ACC 
AAC GAT GGT GTG TCC AT 3'), and TB12 (5' CTT GTC GAA CCG CAT ACC CT 3'). 
15 6- The restriction enzyme indicated in claim 2 is BstEII. 

7- Molecular size marker indicated in claim 1 is used in determining the size of restriction 
firagments obtained by BstEII digestion, in the step of electrophoretic analysis of hsp65 PCR- 
REA (Polymerase Chain Reaction — Restriction Enzyme Analysis) method. 

8- A DNA molecular size marker that contains DNA fragments which are 185, 161, 152, 
20 139, 127, 103, 87, 69, 59, 58, 42, 40, 36 and 34 base pairs long (Figure 2- Marker H). 

9- The production of molecular size marker in claim 8 is done by isolation of DNA from 
mycobacteriae, amplification of hsp65 gene by PCR, purification of DNA amplification 
products, molecular cloning, plasmid isolation and restriction enzyme digestion. 

10- The spedes of mycobacteriae used for DNA isolation referred in claim 9 for production 
25 of the molecular size marker in claim 8, are the ones which produce the required size 

fragments indicated in claim 8. 

11- The species of mycobacteriae referred in claim 10 which are used for production of 
molecular weight noarker referred in claim 8 are M. tuberculosis, M. simiae, M. gallinarum, 
M. diitae, M. xenopL 

30 12- The primers used in amplification of hsp65 gene referred in claim 9 are TBll (5' ACC 
AAC GAT GGT GTG TCC AT 30, and TB12 (5' CTT GTC GAA CCG CAT ACC CT 30- 
13- The restriction en2yme indicated in claim 9 is Haem. 
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14- Molecular size marker indicated in daim 8 is used in determining the size of restriction 
fiagmrats obtained by Hbem digestion, in die step of electropboretic analysis of hsp65 PCR- 
REA (Polymerase Chain Reaction ~ Restriction En2yme Analysis) mediod. 
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Figure 1 . Marker B togeflier wifli DNA r^triction fragments obtained BstEII digestion of 
441bp region of hsp6S gene axnpUfled by PGR from several species of mycobactaia. 
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Figure 2. Marker H together with DNA restriction fragments obtained HaeHI digestion of 
441bp region of hsp65 gene amplified by PGR from several species of mycobacteria. 



